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INTRODUCTION: We proposed to explore new ways to synthesize cDNA libraries from
microdissected single cells based on the technique of amplified RNA (aRNA) rather than on
PCR. This technique produces an arithmetic amplification that might preserve proportional
representation of individual cDNA species more faithfully than PCR. We also proposed that in
situ first strand cDNA synthesis directly on a pathological section would improve first strand
yield from paraffin embedded sections. We proposed to incorporate template switching into the
first strand synthesis so that longer cDNA and longer aRNA would be obtained than from
traditional methods. In last year’s report, we delineated several problems we had encountered
during the first year. The following summarizes those problems.

1. Simultaneous with a publication confirming our results’, we discovered that the T7 RNA
polymerase is capable of considerable promoter-independent activity. These results
imply that earlier work we had done with paraffin and frozen sections showing long
aRNA were probably artifactual, resulting from promoter-independent activity of the T,
RNA polymerase with co-purified DNA and RNA from the pathological section serving
as the template. Consequently, if one wishes to use the aRNA method with T; RNA
polymerase, mRNA or first strand cDNA must be purified following microdissection.
Following double stranded cDNA synthesis, RNAse digestion should be done. In that
way, the only high-affinity binding site for the T; RNA polymerase will be the promoter
sequence appended to the double-stranded cDNA.

2. We showed that template switching events in solution were relatively rare. It is unlikely

that template switching in situ will achieve the same frequency as in solution. Therefore,
carefully designed experiments will be necessary to make sure that template switching is
occurring at an acceptable frequency to achieve an accurate representation of gene
expression. If results indicate that template switching is limiting our ability to produce
good quality 2™ strand cDNA, this approach should be abandoned.

Because of these problems, the statement of work included with the original proposal is not
applicable. We have been forced to step back and examine each step of the process to make sure
we are using the most efficient methods with the highest yields. These steps are as follows:

1.  mRNA and/or 1% strand purification.
2. First strand synthesis.

3. Second strand synthesis.

4. Amplification.

The following report delineates our progress thus far in examining these steps. We also identify
additional issues and future experiments to lead to a successful conclusion to this project.

BODY:

1. Experiments to synthesize and purify 1% strand cDNA from small quantities of

~ messenger RNA. Because of the promoter independent activity of the T7 RNA polymerase, the

amplified RNA (aRNA) technique will be inefficient if contaminating RNA or DNA is included
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in the aRNA synthesis reaction. For this reason, we have conducted a series of experiments to
refine our techniques for synthesizing and purifying 1** strand ¢cDNA from small amounts of
mRNA.

1A. Purification of mRNA/1* strand cDNA with a biotinylated poly dT — T; or poly dT —
T, primer. Because of the template-independent activity of the T7 RNA polymerase and the
need for purification of mRNA (above), we embarked on studies to capture either mRNA or 1¥
strand cDNA from a mixture of DNA and total RNA. To accomplish this we first used a
biotinylated primer that consisted of 18 dT nucleotides with a T3 or T; promoter sequence
appended to the 5° end. Avidin magnetic beads were used to capture the biotinylated primer.
We first tried this system on a mixture of DNA and total RNA in solution and then on a
nucleotide mixture obtained from a frozen section.

1A.1. Purification of mRNA/1* strand ¢cDNA from a DNA/total RNA mixture. A
biotinylated (dT);s primer was synthesized with T; RNA polymerase promoter sequences
appended to the 5° end (T7—dTis). To eliminate unbiotinylated primer, avidin beads (Roche)
were incubated with a primer solution followed by thorough washing. The primer/bead
complexes were then placed in a 20 pl RT reaction with 100 ng genomic DNA, 25 ng
contaminating amplified RNA without poly A sequences, and 20 ng total RNA (which might be
expected to contain approximately 1 ng mRNA). A similar reaction mixture was prepared that
‘contained only 2 ng total RNA. The reaction mixtures were divided in half and one of the each
halves was heated to 95° for 3 minutes to inactivate the RT enzyme. All reactions were then
incubated at 42° for 1 hour. Following reverse transcription, beads were washed extensively
with magnetic aggregation between washes and half of each RT reaction was subjected to PCR
using GAPDH primers. At this point, because of dilutions at each step, products from
approximately 1/10 of each original amount of total RNA were present. A positive control PCR
reaction was included that contained a reaction with 2 pg total RNA but performed without
beads, entirely in solution. In Figure 1, it is seen that the lane with the positive control contains a
430 bp GAPDH product, which is absent from the negative control in lane 2. In lanes containing
the reactions in which beads were used, the same product is present in lanes from reactions in
which in the RT was not heat-inactivated, but no product is present when the RT was heat-
inactivated. These results show that contaminating DNA is not responsible for the observed band
and therefore imply that the beads did not capture contaminating DNA.

1A.2. Purification of mRNA/1* strand cDNA from a frozen section. RNA was harvested
from a 5 pm frozen section by scraping the tissue from the slide into 250 pl Triazol reagent (Life
Technologies). The manufacturer’s directions were followed for RNA extraction and
precipitation. The pellet was suspended in 14.5 pl H,O and stored at —80° until needed. To
digest any co-purified DNA, DNAse I (1 units, Epicentre) was added in buffer supplied by the
manufacturer along with 0.5 pl (20 units) RNAsin (Promega) and 2 pl 100 mM DTT in a total
volume of 20 pl. The digestion was incubated at 37° for 1 hr. and then added, with 9.5 pl 20X
SSC, to 2 pl avidin beads that had been pre-incubated with a biotinylated (dT)zo primer with T7
RNA polymerase promoter sequences appended to the 5 end. After a 30-minute incubation at
37°, the beads were aggregated magnetically and the supernatant harvested to a new tube. Fresh
beads, pre-incubated with the biotinylated primer, were added to this tube to capture any
remaining mRNA. All beads were then incubated with the RT enzyme for 1 hr at 37° with
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shaking to keep the beads suspended. Parallel reactions were included in which the RT enzyme
was first inactivated by heating to 95° for 3 minutes. Following the RT reaction, the beads were
washed extensively as above and reactions were diluted 1:10, 1:100, 1:1000, or 1:10,000 for
PCR using GAPDH primers. A PCR reaction with positive control cDNA synthesized in
solution was included. Figure 2 shows the results of this experiment. There is no GAPDH band
present in the PCR reactions done on RT reactions in which the RT was inactivated, implying
that the bands do not result from co-purified DNA. All dilutions of the RT reactions that
contained active enzyme yielded appropriately sized bands. The dilutions of the RT reaction that
came from the initial harvest of mRNA contain the strongest bands, while the dilutions of the RT
reaction from the supernatant of the first reaction contain approximately 10-fold weaker bands.
This experiment shows that mRNA can be harvested from a frozen section, isolated with a
biotinylated poly-dT primer, and used to synthesize single-stranded cDNA. However, the
primer/bead combination did not quantitatively remove the mRNA from the solution since about
1/10 was left in the supernatant and was detected by re-incubating the supernatant with
additional beads. It is possible that a longer incubation or addition beads/primers would result in
a more quantitative harvest of mRNA.

In section 1A.1, we showed that a purification scheme employing beads without DNAse was
capable of isolating pure mRNA/1* strand cDNA. Therefore, DNAse treatment is probably not
necessary in the scheme described in this section. However, we did not attempt to make aRNA
from this cDNA, and it is unclear whether extremely small amounts of copurified DNA that
might be present in the absence of DNAse treatment might serve as a promoter-independent
template for T7 RNA polymerase. Future experiments will address this issue.

We have observed similar sensitivity in the detection of GAPDH cDNA from a frozen section in
reactions carried out in solution without bead purification (not shown). However, our aim is not
to detect one particular cDNA but to obtain a library of cDNAs that can be amplified by PCR or
aRNA methods and subjected to analysis. Moreover, we will be harvesting only a few cells from
a section, not the entire section as was done in these experiments. The purpose of the beads,
therefore, is to quantitatively capture very small amounts of mRNA/ 1* strand cDNA so that it
can be used to generate larger populations. As in section 1A.1, future experiments will address
the quantitative aspects of this technique. '

1B. Purification of mRNA/1* strand ¢cDNA from a few cells. MCF-7 breast carcinoma
cells were harvested, fixed with 70% ethanol and stained with eosin. An aliquot was counted in
a hemocytometer and cells were diluted to a concentration of approximately 12 cells/ul. RNA
was extracted from 1 pl of the suspension with the StrataPrep kit and resuspended in 30 pl.
Approximately one-fourth of the RNA was used in each of 4 RT reactions. In 2 of these
reactions, the RT enzyme was inactivated by heating to 95° for 3 minutes. One-fifth and /50"
of each RT reaction were used as template for PCR reactions with GAPDH primers. RT
reactions using 1 ng of total RNA as template served as positive controls. In Figure 3, it is seen
that appropriately sized bands were obtained in all cases. These experiments show that RNA can
be isolated from very few cells and that single strand cDNA can be synthesized from these cells.

1C. Improvement of 1% strand yield with an RNAse inhibitor. Some RT enzyme
preparations, other reagents used in 1* strand synthesis, or components of single cells from
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microdissection could contain small amounts of RNAses. This small RNAse activity might not
be significant when large amounts of mRNA serve as template for an RT reaction. However, for
the very small amounts of mRNA obtained from single microdissected cells, any small RNAse
activity might produce a serious problem. We assessed the effect of including RNAse inhibitors
in the RT reaction with 1 pg or 0.2 pg of total RNA serving as template and a (dT);s primer. In
Figure 4, 1* strand cDNA from reactions with or without added RNAse inhibitors at
concentrations recommended by their manufacturers were used as template for PCR reactions
with GAPDH primers. The two RNAse inhibitors used in Figure 4 (RNAsin (Promega) and
SUPERase-In (Ambion) both improved 1% strand yield because GAPDH bands are visible,
whereas they are not in lanes where H,O was added instead of an RNAse inhibitor. RNAsin had
the most beneficial effect. In a separate experiment (not shown), gene 32 (Ammersham), a
product that improves processivity of polymerases, was not able to increase yields over that
achieved by RNAsin. These experiments demonstrate that inclusion of an RNAse inhibitor in
the RT reaction mixture could be beneficial when dealing with small amounts of RNA template,
as would be the case in microdissection.

2. Improving the yield in 2" strand synthesis. One reason that it is important to
maximize the yield of 1% strand cDNA synthesis (above) is that the synthesis of the 2™ strand is
an inefficient process. In fact, in our hands, it is the most inefficient step that we have

_investigated. We had hoped that template switching would improve the efficiency of 2" strand

synthesis. However, for last year’s report, we included data to show that template switching is a
relatively rare event. Therefore, in this year, we have investigated several strategies to improve
the efficiency of 2" strand synthesis. We are designing strategies that can be used in either PCR
amplification or in aRNA amplification. That way, we will have maximum flexibility in the
final step of production of large amounts of cDNA from microdissected cells.

2A. Digestion of RNA. For maximum efficiency in 2" strand synthesis, it is best if the RNA
that served as template for the RT reaction is digested. This is important for 2 reasons. First, the
second strand cannot be synthesized if the RNA/DNA duplex from the RT reaction is still intact
because the primer and 2™ strand enzyme will not be able to bind to the 1% strand. Second, the
RNA from the 1 strand reaction may compete with the 1¥ strand itself for binding to the 2m
strand polymerase. Although this competition would be relatively weak, as DNA polymerases
bind preferentially to DNA, in working with such a little amount of template as we are, we must
eliminate anything that would possibly interfere with the efficiency of the reaction. Therefore,
we investigated ways to degrade the RNA while leaving the 1* strand cDNA intact. The starting
material for digestion was a mixture of synthetic RNA and synthetic double-stranded DNA. We
tested the RNAses in RT buffer (lanes marked H,O, Figure 5) or in the buffer supplied by the
manufacturer (lanes marked buffer). The negative control lane of Figure 5 shows the double
stranded DNA as a bright band at about 400 bp. The RNA, which has a variety of lengths, is
shown in the bright smear below the band of DNA. In subsequent lanes, the bright smear is less
bright because the RNA has been digested. In the lanes for NaOH at 37° or RNAse One
(Promega), the smear is not seen, implying that a large portion of the RNA has been digested so
that it does not show up in the stained gel. In the lane for RNAse A, the smear does not show,
but the double-stranded DNA has also been digested. The preparation of RNAse A we used
possibly also contained DNAses. In a separate experiment, we showed that NaOH treatment did
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not degrade single-stranded DNA and has no influence on subsequent PCR reactions (not
shown).

2B. Use of a degenerate T, tagged primer and validation of the utility of the Klenow
fragment for second strand synthesis. In last year’s report, we showed that template switching
utilizing terminal C’s appended to the 1% strand cDNA by the SuperScript reverse transcriptase
was a rare event. We wanted to try to improve the yield of second strand synthesis while still
retaining a known sequence at the 5’ end of the newly synthesized 2" strand, as template
switching does. We devised a 2™ strand primer consisting of a random septamer at the 3’ end
with the T7 RNA polymerase promoter sequences at the 5’ end (T7-N7). To test this primer in its
ability to prime 2™ strand synthesis, we used purified 1% strand cDNA that was synthesized with
a T3—dTs primer which had promoter sequences for the T3 RNA polymerase appended to its 5’
end. A 1:10 dilution of the purified single stranded cDNA was divided equally among twenty
2" strand reactions and incubated with the TN primer and one of four DNA polymerases,
each at multiple concentrations, to synthesize 2™ strand cDNA. It should be noted that the
degenerate 2™ strand primer will hybridize to many places in the 1* strand, some at the far 3
end and some closer to the 5’ end. Therefore, for each 1% strand cDNA species, we will get a
family of 2 strands, some long and some short. In fact, the same molecule of 1* strand cDNA
can serve as template for multiple 2™ strand primers and synthetic reactions simultaneously.

Because the poly-dT primer for 1% strand synthesis was tagged with the T3 RNA polymerase
promoter sequences and the T7-N7 primer for 2™ strand synthesis was tagged with the T; RNA
polymerase promoter sequences, we could use commercial T3 and T, tErimers in PCR to amplify
the cDNA population. Therefore, following 2™ strand synthesis, 1/10™ of the product of each 2™
strand reaction was used for a PCR reaction primed by the T3 and T primers. One-thousandth of
this first PCR reaction was used for a subsequent PCR reaction with GAPDH primers. Figure 6
shows a scheme of the process and the results of the PCR reactions for GAPDH. All DNA
polymerases tested except SuperScript II (Life Technologies) were able to complete 2™ strand
synthesis. However, the Klenow fragment (Promega) was able to do so most robustly. A
puzzling feature of the reactions with Sequenase (USB) and Improm II (Promega) is the presence
of a shorter product in reactions using higher concentrations of these enzymes. As the
concentration of enzyme decreases, an appropriately sized product becomes visible. In the lane
for Sequenase used at 13 units, both products are present. Since the products would not have
been amplified if the T and T sequences and the GAPDH primer sites were not present, it
would seem that the shorter product is the result of some sort of internal splicing. In any case,
we have determined that the Klenow fragment is the most dependable enzyme for 2" strand
synthesis.

3. Representational amplification of cDNA. Because the goal of the project is to obtain
representative amplified populations of ¢cDNA from microdissected cells, we studied two
methods to amplify entire cDNA populations produced by methods derived from the above
experiments. First, we can use PCR with primers to those tags to amplify the entire population.
Alternatively, we can use the T7 RNA polymerase promoter tag on the 5° end of the cDNA
population to generate amplified RNA. We are investigating both these techniques to see which .
proves to be the most useful.



L hes

McLeskey, Sandra W.

3A. Amplification of cDNA populations with PCR. We synthesized cDNA from a mouse
fibroblast cell line to demonstrate the utility of PCR for cDNA population amplification because
we have on hand many primer sets for cDNAs that should be present in the population from that
cell line. We used these specific primers to monitor the progress of the amplification at every
step. Total RNA from Swiss 3T3 cells was used to synthesize 1® strand cDNA, which was
treated with alkali, RNAse One? and purified. An aliquot was saved to be amplified with the
specific primers. The 1% strand cDNA was diluted 1:100 and used in a PCR reaction with T; and
T; primers under the following conditions: 94° for 2 minutes followed by 35 cycles of 94° for
20 seconds, 55° for 30 seconds and 72° for 1 minute. Aliquots of the product were taken for
amplification with the specific primers and a 1:1000 dilution of the product was used for a 2
round PCR reaction. The 2™ round PCR product was also used for amplification with specific
primers. The results of this experiment are shown in Figure 7. Two rounds of PCR
amplification resulted in an approximately million-fold amplification of the specific cDNAs with
apparent preservation of their relative abundance as shown by this admittedly approximate
method of quantitation. Separate experiments using longer extension times and long-distance
polymerase mixtures did not improve the results (not shown).

The above results were very encouraging, and we felt they could be improved upon with
optimization of the PCR conditions for the population amplification. In particular, we felt that

fewer cycles for each round of PCR might preserve fidelity of representation more faithfully

since it would be more likely that each transcript would be amplified in a strictly logarithmic
fashion if cycle number were limited somewhat. If that were the case, we could possibly carry
out more rounds of PCR amplification, thereby obtaining more cDNA. We therefore carried out
the process depicted in Figure 7 to 5 rounds of PCR amplification with T7 and T; primers, testing
the transcripts of individual cDNAs in each round. With 35 cycles of PCR in each round,
individual genes were poorly represented in the 5" round ¢cDNA population (not shown).
However, by shortening each PCR round to 20 cycles, we obtained good representation of each
individual transcript in the 5" round cDNA population (Figure 8A, 8B, and 8C).

These experiments show that PCR can be used to amplify a cDNA population. However, PCR
testing of individual transcripts is a rough way to estimate fidelity of representation in an
amplified population. During the next year, we will be testing these PCR methods with cDNA
microarrays (see “Conclusions”).

3B. Amplification of cDNA populations with amplified RNA. In a “proof of principle” test
of the method, PCR amplification product from 2" and 3™ round amplification as depicted in
Figure 7 was used to produce aRNA. The double-stranded cDNA was first purified with the
Qiagen PCR purification kit and then divided between two reaction mixtures with appropriate
components but with or without T; RNA polymerase. After a 2-hour incubation at 37°, the
reaction mixtures were treated with DNAse I for 20 minutes at 37°. RNA was extracted with
Triazol and precipitated. Pellets were resuspended in 20 pl HO and 5 pl of that was subjected to
reverse transcription in RT reactions using the T3—dTg primer. One of these reactions contained
heat-inactivated RT enzyme. Negative control reactions included one with template from the
aRNA reaction in which the T; RNA polymerase was omitted and one with no RT. A positive
control reaction containing 10 pg total RNA from Swiss 3T3 cells was also done. Following the
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RT reaction, PCR with GAPDH primers confirmed the presence of 1* strand cDNA (Figure 9,
lane 7). A lane with total aRNA shows a bright smear, while an RT-PCR reaction on a diluted
aliquot of the aRNA produced a GAPDH band. Additionally, no GAPDH band and no smear
were present in the negative controls. The cDNA synthesized from the aRNA was used in PCR
reactions for individual cDNA species, as was done in the PCR amplification. These reactions
showed that most of the individual species were present (Figure 8D).

These experiments are in their first stages and the method needs additional refinement.
However, we are encouraged that our method has yielded aRNA and will continue to optimize
conditions with the goal of ultimately being able to compare the aRNA method with the PCR
method on cDNA microarrays. Moreover, it is possible that we may be able to combine the two
methods to give more faithful representation of individual cDNAs in amplified populations.

4, Repeated aRNA production after cRNA capture on magnetic beads. We showed
above that we were able to capture mRNA/1% strand cDNA on magnetic beads. We wondered
whether double-stranded cDNA captured in the same way could produced repeated batches of
aRNA. We synthesized a test template cDNA by using a biotinylated T—dTs primer to
synthesize first strand cDNA from total RNA and then used a sense GAPDH primer with the
same poly—dT primer in 3° RACE PCR to synthesize a double-stranded GAPDH c¢DNA. This
_product was purified with the Qiagen PCR purification kit and captured with avidin magnetic
beads. Aliquots of the beads with attached GAPDH cDNA were incubated in a 15 pul T; RNA
polymerase reaction with shaking for 2 hours, followed by harvest of the supernatant and
washing of the beads. The same reaction was repeated 7 times with fresh reagents, with washing
of beads between each reaction. Supernatants were extracted with Triazol, precipitated and
resuspended in 20 pl of HyO. Aliquots of each reaction were electrophoresed on a non-
denaturing gel. The product of the first reaction was diluted to 80%, 60% and 40% for
comparison of subsequent reactions. Figure 10 shows the aRNA products of each of these
reactions. It can be seen that the yield of each reaction is slightly less than the preceding one, but
that all reactions contain the aRNA product (the smears above and below the expected product
are encountered because of the use of the non-denaturing gel, which is used because of its
superior sensitivity in ethidium bromide staining). This experiments show that repeated aRNA
synthesis reaction from a cDNA template immobilized on magnetic beads is possible and would
at least theoretically result in increased yields of aRNA.

KEY RESEARCH OUTCOMES:

e mRNA/I* strand cDNA can be purified from RNA/DNA mixtures, including those
obtained from frozen sections or from just a few cells, by use of a biotinylated poly—dT
primer and avidin magnetic beads.

e Use of RNAsin, an RNAse inhibitor, improves yields of 1* strand cDNA.

e A combination of alkali and RNAse One can be used to efficiently digestl RNA after 1*
strand cDNA synthesis without degrading the single-stranded cDNA.

10
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e A degenerate T—N; primer can be used to prime 2™ strand cDNA synthesis and append
the T7 RNA polymerase promoter sequences to the 5’ end of the 2™ strand cDNA.

¢ PCR amplification of a total cDNA population using appended T3 and T, tags produces
representational cDNA after 5 rounds of PCR.

e Repeated rounds of aRNA synthesis from the same cDNA template immobilized on

magnetic beads produces additional aRNA.

REPORTABLE OUTCOMES:

McLeskey, S.W., Eberwine, J.H., and Huang, C. Amplification of small quantities of
messenger RNA. Era of Hope, Department of Defense Breast Cancer Meeting, Orlando, FL,
September 25-28, 2002.

CONCLUSIONS: We have developed efficient ways of synthes1zmg 1% strand cDNA that

include isolation with magnetlc beads and of improving the yleld of 2™ strand cDNA. The use
of a degenerate, tagged primer for 2™ strand synthesis gives us a choice of two ways of
amplifying the cDNA — PCR or amplified RNA. Future experiments to optimize each step of
the process will be culminated by validation of their fidelity with the use of microarrays.
Remaining questions for each step of the process are delineated below:

1. mRNA and/or 1* strand purification and 1* strand synthesis. Further experiments
with magnetic beads are needed to delineate the optimal time of incubation and quantity of beads
necessary to remove a higher percentage of mRNA/1* strand cDNA from solution. We estimate
that we got approximately 90% harvest with the bead quantity and incubation time described in
section 1A. However, it is possible. this could be improved. We will also confirm our
~ preliminary results that DNAse treatment is not necessary when bead purification is used, even if
the cDNA will be used for aRNA synthesis. Finally, we will use the bead purification techniques
on microdissected material rather than the whole slide to confirm their utility in cases where the
amount of mRNA/1® strand cDNA is very small. With respect to 1% strand synthesis, further
experiments with RNAse inhibitors, incubation times, and enzyme concentrations for
microdissected samples will optimize this process.

2, 2" strand synthesis. Future experiments will determine optimal concentrations of the
N7T; primer and the Klenow enzyme. These will be done on experimentally generated 1*
strand cDNA. The results from these experiments will then be applied to 1* strand cDNA
generated from microdissected cells from pathological sections.

3. Amplification of cDNA. Further work needs to be done to optimize the PCR and aRNA
amplification using 1% strand cDNA generated experimentally. In this way, quantitation of
yields can be done to improve yields at every step. Our rough estimation of fidelity using the
panel of specific primers can be used to make sure that at least those transcripts are preserved

11
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throughout the amplification process. When we have gone as far as we can with these methods,
we will use cDNA microarrays to test our amplifications. By using experimentally generated
cDNAs, we will be able to compare cDNA made with traditional techniques from the source
RNA with the amplified cDNA populations originating from small amounts of source RNA. We
will compare various rounds of PCR and aRNA amplification with each other and with cDNA
made directly from larger amounts of the source RNA. ‘

4. In situ 1* strand synthesis on paraffin and frozen sections. The main thrust of the
project as it was originally proposed was to be able to employ the technique of in situ first strand
synthesis on paraffin sections to see if that resulted in useable cDNA populations. These
experiments were put on hold when we discovered problems with later steps in the process, as
explained in “Introduction”. However, in the final year we will be conducting experiments to
see if this approach is viable and whether it results in improved cDNA populations when
compared with microdissecting the cells and synthesizing the 1% strand in solution.

This project has been extremely challenging but we have made significant progress in the past
year. It is likely that we will be finalizing our approach in coming months, and submitting a
manuscript for publication.

REFERENCE LIST:

1. Baugh, L.R,, Hill, A. A, Brown, E. L., and Hunter, C. P. Quantitative analysis of
mRNA amplification by in vitro transcription. Nucleic Acids Res., 29: E29. 3-1-2001.
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APPENDIX
1. List of acronyms.

2. Abstract presented at the 93" Annual Meeting of the American Association for Cancer
Research, San Francisco, CA, April 6-10, 2002.
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cDNA
DIT
GAPDH
PCR
RNA
RT
RT-PCR
SSC
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Copy DNA

Dithiothreitol

Glyceraldehyde 3-phosphate dehydrogenase
Polymerase chain reaction

Ribosenucleic acid

Reverse transcriptase

Reverse transcriptase — polymerase chain reaction
sodium chloride/sodium citrate solution
University of Maryland at Baltimore
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Abstract presented at the 93" Annual Meeting of the American Association for Cancer Research,
San Francisco, CA, April 6-10, 2002

Differential Gene Expression in Tumor-Associated Endothelium

Watson, P.A., Hannum, R.S., Emanuels, A.E. and McLeskey, S.W.
University of Maryland School of Nursing
Baltimore, MD 21212

Although tumor-associated blood vessels have unique morphology and function, little is
known about expression of genes that might determine their phenotype. We have performed a
one-step flow cytometric separation of endothelial cells from MCF-7 xenograft tumors growing
in nude mice or from mouse mammary fat pad. RNA was immediately extracted from the sorted
cells and subjected to amplified fragment length polymorphism analysis. To date, we have about
30 candidate genes that may be differentially expressed and are confirming that expression in our
xenografts and in human breast cancer. These genes include members of the tissue plasminogen
activator/inhibitor family, proteins involved in cell-to-cell communication and motility, and
unknown ESTs. Our current results concerning differentially expressed genes will be presented.




McLeskey, Sandra W.

APPENDIX

16




*SIONQIYUL 3SYNY pareorput oy snjd

IBQnq 1Y ul 10 (soue] O°H) I9PNG Ly UI SUOpP 219M SUOIORSI puens IST 9L,
‘stournd VO PIm SUonoeat Y 10§ Pasn Seam PIpNIoUT 9Iom SIONqIYUL
SSYN PoJeoIpul 9Y) YOIYMm UI SUOHOBAI T Ul PIZISIUAS YN0 puens

1S *wWONdEAI T3 Y} UY SIONqIYUI ISYNY Suipnpouy Jo 30053y ' oand1y

IVICLESKEY, dANUra w.

‘uonnjos ul Aja3e[dwod
YUOP YD -1 Te[rus € sem [onuod aanisod oy “ouwmd HAJVD oyoads M suonoeal
Dd 0] Posn pue ‘pajedIpur se pAINJIp ‘pajsaArey sem YN(IO popuens o[SuUl§ ‘pajeAnoeur
Jeoy sem owiAzuo Ty oY yomym ur armdeo [enmul Tewonippe ue pue ‘amyded puoodss
) “ornyden )SIy Y U0 INO PILLIED OIOM SUONORAI Y “omydes)s| o) Joye Surureal AW
BNPISAI 109}3pP 0] SUOHEUIqUIOD pedq-rouwid [euonippe fHim pajeqnoul pue pajsoAley sem
ueyeuzodns pue pajedoiSSe Af[eonsudew ozom speoq oY) Towriad PIZIJIGOWIL SY} A WU
‘0 arnyded [enrur o) IOy “Speaq UIpIAR s pamdeo usoq pey sowd 1 p-£jod pajejAunoiq
) YOTYM UT UOTJORSI T Ue Ul 9je[duro) JOJ pasn pue Uondas USZOL) B WO PajornXxd sem
VNI T®IOL °UOI)I3S UIZOJJ B w0} YN YW painjded wiosy sIsoqjuss pueys f *7ansig

‘PaYeATIoRUI-IEY SeM ] oY) YOTyM UT 950y 1do0Xa soue]

[1e ur uass st jonpoid HAJVvD dq ggy pa1oadxs oy ‘uosLreduwiod 10J SUooRaI
Je[Iuxis Ul pasn sem S[[o0 dures oy wiol) YN 8101 8u [ “srowud HAJVO Yim
uonoesI YD © 10§ se[duro) se posn sem UOIORSI Ty YI8d JO YI0S/[ 10 YYI-suQ
(I-) swAzuo pajeAnorUI-jesy J0 SWAZUS SANOR PIPNJOUL Jey)} SUONOEBII T3 J0J
oerdwa) se pasn pue parjLmd UWIN[OO Sem S[[90 BUIOUIOIRD Isealq 7| A[jeunrxoldde
woy VNY °S[[92 M) & wod) YN(I? PUtys ,J/VNYW Jo uonedyLIng ¢ ansig

*3UE[ OB 9A0GE POYROIPUT S [eLISjew SUnIe)s st pasn YA [#101Jo Anuenb
YL ‘POYBAIORUI-IESY SeM SWAZUD [ oU) ‘Y- ‘siownd HAJVD Yum suonsear ydd
Ul pasn sem YN(IO POpUBHS-o[SUIS JU)NSal oY ], "SUOHORAI I3 J0J pasn sem sowmrid
Ip-Ajod pajejAumorq & um pajeqnoutald speaq UIpIAR onouSeul Yim YN dTwoudss
pue VN [£10} JO SIMXI € woyy payLmd YNYW VN( Supeuime;uod urejuod
jou s30p VN [¥10) JO SUNOWIE [[EUIs WOJJ VAW Jo uoyrogrumd peag °| san3iq

- amdeo feprup aamdes 7

uonedyLnd peag mw.



‘(yonpoid dq 6ZH) HAJVO 10§ s1ound o1j10ads (im pasn sem UOTIoeaIIe) JO YIpuesnoy). |
wo pue swoumd ‘] pue ‘] | pogrdure sem uonemdod WNQO [€10} 9Y) JO FIUS)-OUO SISOYIUAS puens !
1z Summorjo] “Iemoejnueur o) Aq paje[ndns Se 9Iom SISPNEG PSIEOIPUI SB ST PISN SJUNOWE PUE SOWAZUY |
surid N-L1, oY) SuTSn SUOROBAI PUBIS PUZ UI PABqnoul a1om YN popuens-s[dus Jo syunowre fenby owmad |
umwaa 2)BIAUISOP ¥ YJIM SISOYJUAS pURLS PUT J0J JWAZUI P00 € SI JUIWSBI MOUID Y], °9 o..—.u..m

| “VNQ Suipe3ap nompim YN JO
i ao:mowﬁ 9yordwos 3sows o) papiaoid 1rexre pue suQ SSYNY
| ‘PAIS3) SISYNII Y3 JO *(soue[ 19gNnQ) I9PNG PIPUSTWUOII

hoﬁ @IM SUONOBaI 0 10 ‘(saue] (°H) Iognq Iy 01 pappe

. 919M SISYNY SYL "Weiul VN Suraea] o[y VN 1s281p

! 03 AJI[Iqe IOy} SSISSE 0} PAPPE SIOM SJUOWIIESI) POYESIPUL oY)
' soue| yuonbosqns up *paysaSipun are (pueq VNI 9Y Jopun
| reswws 1y3uq o) VN onoyiuAs pue dq g/ Ajorewnrxoidde
* e pueq 2y)) VNQ Ppapuens s[qnop ‘oue[ .y ‘3ou oy
| U] "S)ESU)BII) SNOLIEA YA VN JO U0lsaBi(] °S 231y

HAdVD 103 4D0d

-~

uonnyIp 0001:1
stoummd ‘1, pue 1, PIm YOd

uonnIp O1:1
FL-"T(YP) rmmmmmmmmm e e -NNNNNNN-‘“L

\4




JDOd punol pug

McLeskey, Sandra W.

YOd punoi is

papuens-o[3ulg

VNP pPopuens-o[3uls oy} 10J St Aem Sures Y} ul pajn|Ip 91om YD punox
puz pue1s| 10J suonoeay ‘Tr/8d 9og sem VN0 papuens-of3urs 10§ arejduio) pa)enuasuoo JSOW Y, oue|
snotaaxd oy oy arejduws) Jo uonnyIp pjoj-0 1 © 10§ 1onpoad YD SMOYS U] SAISSIIONS YOS “0uad yoed 10

*JS919Y) Sk el
oures o) Je poyrjdure Jou axe ‘A 1D pue Y0, St Yyons ‘Sousd maJ & IOASMOH “YDd punoil
PUZ 9y} UI pasearour p[oJ-uolf[iux auo Ajojewnxoidde pue YHJ punoa js| aY) Ul paseaioul
PIoJ-0001 Ajorewnxoxdde st uonendod o) ur uonjejuasaidar s;yN(O Yoey "poiedIpul se
SYNQ? Fepnonred 10j orjroads szoumnid Sursn po)sa) sem sausF aAnejussaidai jo souepunge
oy ‘(swayos 99s) uonendod YN0 amuo oy} Jo uonesyidure oy uonedydure
UDd JO Spunod g Jd)je SOUdd pajddpes .10j duepunqe jduosues) [enpiaipul
Jo uosrredwo) g ‘pojecipur se syduosuen oiroads Jo uonesiyidue 10 poAlesal
arom days yoes je sjonbry YN0 payijdure punox pug sonpoid oy ure3e poyjrjdure
pue panIp 219M suonoeal YDJ Yl ‘souwnd ‘1 pue °1 yum YDJ 01 pasosigns pue
panpip uay “Ajsnoraard padojoaap sjosojoid 03 Surpioose paonpoid azom YNO puens
puz pueis] VNGO pagijdure jo spunoa sjdynu Suronpoad 10 dudYIS Y °L NS

sowd “1, pue °L, qrim YD 1eaday uoneoydure punos puz s
A
0001:1 3t
3
on ssounid __ﬂ_.mmwm +—— sud L pue 1, His ¥0d uoneoyydure punox IS “p
A 3
- (P = — e m - —NNNNNNN-“L
1" (1D) SISSYIuAs puens pug °¢
# 00T:T amMIa
L= (1P)
Apung puens 15| Jo uonesyund
HO®EN PUC VN JO uonsadiq g
BSVNA
VNQ? papuens-o[duls “1-""* (1P) (11 1duosiodng)

VNYW  YYYYY SisoHuAs puels ST °f

(ELE ss18) VN 12101 Su 01 yilm welS

q VNQ? jo uonesyidury I0J swayos rejuswiiedxy vy




‘s1ouwrud ogroads-ydLrosuen
oY) yim Suonoral YO J-IY 10§ srefduwio) se pasn sem YNYe Y], “uononpoid YNe pue SISOyIuAs puens puodas 1oy sejduis) se pasn sem uoneoyrdwe Y4 punor pig pue
pugz wolj YN papuens-o[qnop jo jonbie uy @ ‘umoys se ‘syduosuen oroads 10y sround yimm sisAjeue YD 01 paroalgns azom uonedyijdure YD JO SPUNOI yig pue S| oy3
woyy spnpoid YD Pue VNP popuens-s[3uls [ewrS1Io oy3 Jo S1onbIy ¢ JO PeaIsul S3[0£0 ()7 10§ SUOD 210M PUNOIYSES IOJ SUONORaI YO J oY1 et 1dooxa £ 9131 10 se Jouuew
oures oy} ur sxowd ¢ T pue £, pIm Suonoea1 YHd Ul pagidure sem YN0 pepuens o[Suls payung *D-V VNUE 10 ¥Dd Aq suonendod yN(P Jo uopedynduy °g san3iy

LVIVLCODACY, Datluta vy,

VNQ@? punoux sy g
VNN pagydury *(q

Wm@MEQ%@EZZA\VAO m0< EQ%G%NE@ mO< M‘Hm oTZ
3 _ I-DIA ©IVd OLLd Ddv $-3SN €IVd DLLd Ddv 8-S | d9VN | NI

VNP papueys-djsuis 'y
VN@? punoi §js *)

-DIA €Ivd | OLId DAV 8-Sl | dAVN | ¥dD04

DLLd Ddv 8-2SN | J9VN

M_ 403 | HQdvD _HEz< x10 | dov _ 1S _M M_m_ou,H i _mzvE Pl oM _ awe _ oy _M

[-DIA £Avd



LI
¢

McLeskey, Sandra W.

Figure9. RT-PCR with primers for GAPDH shows the presence of aRNA populations. Double-stranded :
cDNA was synthesized from Swiss 3T3 cell RNA with the T, RNA polymerase promoter appended to the 5’ end. |
Following DNAse treatment (lane 3), aRNA was produced (lane 2). aRNA was subjected to an RT-PCR {
reaction with specific primers for GAPDH (lane 4). Inlane 7, 10 ng total RNA from Swiss 3T3 cells was used as |
template for GAPDH RT-PCR. Lane 5 contains products of an aRNA reaction with active T, but no RT, and lane '
6 contains products with no T, but active RT. Lane 1 is a positive control GAPDH RNA produced by direct :

transcription. ) o
1st reaction
)
¥ Reaction number )
§ éQ S Q& g8 Qe
& 8 7 6 5 43 2 5 & & W
ds GAPDH —» |

+—— GAPDH aRNA

Figure 10. Amplified RNA produced by repeated rounds of aRNA
synthesis from immobilized double-stranded ¢DNA. Double stranded ¢cDNA
was synthesized by 3° RACE PCR with a biotinylated T,-dT,, primer linked to avidin magnetic beads and a
sense GAPDH primer. This cDNA was used to repeatedly synthesize aRNA in 8 successive reactions in
which T, RNA polymerase and appropriate reaction components were incubated with the beads and the
supernatant harvested. The double-stranded cDNA and expected aRNA product are indicated by arrows.
Numerals indicate the number of the reaction. The first reaction has been diluted at the concentrations
i indicated.




